Introduction
intense inflammatory/immune reactions that ultimately lead to the development of autoimmune diseases [7, 8] . The additional finding that the level of Grp94 in the plasma of diabetic patients is apparently unrelated with the duration of diabetes and metabolic control [3, 4] , raised the question of whether Grp94 in plasma may be a marker of disease associated with an increased risk of vascular inflammation [9] . To 
Materials and methods

Reagents and antibodies
Endothelial basal medium (EBM), foetal bovine serum (FBS), antibiotics, recombinant human endothelial growth factor (rHEGF)
,
Blood collection
Blood was collected from eight type 1 diabetic patients, matched for sex (4 males and 4 females), during routine control visits for diabetes. Patients gave their informed consent for blood sampling. Diabetic patients had mean (±S.D.) age of 32.8 years (±7.35), age at disease onset of 16.8 years (±7.15) and diabetes duration of 15 years (±7.5). They did not take any medication (other than insulin for diabetes) nor did they present any clinically detectable vascular complications. The mean (±S.D.) value of fasting
Antibody purification
Plasma proteins (6 mg) were loaded on a mono-Q HR 5/5 column (Amersham Biosciences, Uppsala, Sweden) applied on a fast liquid chromatography system (Pharmacia LKB, Uppsala, Sweden) and purification performed in two steps, as previously described [4] . Peak 
Dot-blot analysis
In dot-blot experiments, strips of 2.0 ϫ 2.5 cm of PVDF membrane were rinsed in methanol and de-ionized water and partially dried. Dots with 10 l of native Grp94 (3 g) purified from microsomal fraction of rat hepatocytes [10] and denatured by boiling (3 min.) 
Cell cultures
HUVECs were obtained from freshly collected umbilical veins by collagenase treatment [11] . At 
Statistical analysis
All data examined were presented as mean ± S.D. unless otherwise stated. Statistical analysis of data was performed by means of GraphPad Prism 3 (GraphPad Software, Inc. San Diego, CA, USA). Comparison between groups was made using the two-way ANOVA and unpaired Student's t-test.
A P value <0.05 was considered statistically significant.
Results
Grp94 is stably associated with Fab of both fragmented and whole IgG
By processing any individual plasma on the mono-Q column, strikingly overlapping elution profiles were obtained (Fig. 1A ) that also duplicated those previously reported with pooled plasma [4] . (Fig. 1B) . It was observed that, in addition to whole IgG with mass of 150 kD, also subunits of Fab and (Fab)2, with masses of 50 and 110 kD, respectively, and monomeric chains of 25 kD were present in peaks 1-3a (Fig. 1B) , as previously noted with pooled plasma [4] . Since in peak 3 also transferrin elutes together with IgG (Fig. 1B) 
Small inter-individual differences were only noted for the amount of proteins eluted in each peak. For this reason, results obtained on plasma of a single person (A.M., male of 26 yrs) are shown as representative of all others. IgG that eluted from the mono-Q column mostly concentrated in peaks 1-3, as revealed by Western blotting with anti-IgG (data not shown) and anti-Fab specific Abs
Anti-Grp94 Abs free of antigen in the pool of IgG
We then analysed any diabetic plasma to see whether anti-Grp94 Abs were also present free of Grp94. To this aim, experiments of dot-blot were carried out in which native Grp94, purified from the microsomal fraction of rat hepatocytes, was used as antigen and incubated with plasma-purified Ab-containing peaks (Fig. 3) 1 and 2, respectively, n ϭ 4) (Fig. 5A) (Fig. 6) . With both peaks (mostly peak 2) there was an intense activation, especially of P-ERK2 at 6 and 9 hrs, which decreased in time, remaining however still significantly elevated with respect to the control even after 20 hrs. (Fig. 8, lower panels, arrows) . Instead, in the membrane fraction of cell lysates, the bands of MMP-9 were more numerous and more intensely stained in treated HUVECs than in the control (Fig. 8, upper panels) . This pattern strongly resembled that described by others who showed that a series of inactive and active species of MMP-9 with various molecular weight, form intra-cellularly in response to various growth factors [16, 17] 
Since MMPs are specifically involved in the development and the finest modulation of angiogenesis [13], we investigated whether effects on HUVECs were mediated by an increase in activity and/or expression of MMP-9, the secreted MMP capable of degrading the extra-cellular matrix in various physiological and pathological conditions [13-15]. Proteolytic activity of conditioned media, measured on gel of gelatin, unexpectedly showed that both peaks caused a significant reduction in the secretion of inactive MMP-9 (the 92 kD form that is activated artificially by zymography) at 6 and 9 hrs (Fig. 7). Reductions were significantly different at 6 hrs (unpaired t-test: P ϭ 0.005 and P Ͻ 0.0001 for peak 1 and 2, respectively, with respect to control), being still significantly different at 9 hrs for peak 2 only (P ϭ 0.044, n ϭ 4). The secretion of inactive MMP-9 started to increase after 9 hrs of incubation, reaching values similar to those of control at 20 hrs (Fig. 7). Also the secretion of the 90-kD active form of MMP-9, only slightly detectable at 6 and 9 hrs, increased significantly after 20 hrs independently of the treatment with peaks 1 and 2 (twoway ANOVA, P Ͻ 0.0001 for both control and treated HUVECs compared to respective values at 6 and 9 hrs, n ϭ 4). Apparently,
Fig. 3 Antigen-free anti-Grp94 Abs present in diabetic plasma. Dot-blot experiments were performed by incubating membranes containing the dot of native Grp94 (10 l, 2.5 g protein) with Ab-containing peaks (protein concentration, 12 g/ml) purified from any plasma, as specified in Materials and Methods. To detect the immune reaction, antihuman IgG (whole molecule) polyclonal Abs were used. As negative controls, dots of native Grp94 were incubated with TBS alone and probed with both primary (anti-IgG) and secondary (anti-sheep, affinity-purified IgG) Abs, both alone and together. In the figure, a representative dot-blot (of three other experiments) with peaks purified from single plasma is shown; overlapping pictures were obtained with any other plasma. Arrowheads mark dots with positive immune reactions due to anti-Grp94 Abs in peaks 2, from both the mono-Q and PG column. thus, the mechanisms leading to complete angiogenic transformation did not involve an increased activity of MMP-9. However, since the measurement of proteolytic activity does not give precise information about the protein expression, we also measured in Western blotting the level of MMP-9 in both conditioned media and cell lysates after 20 hrs of incubation (Fig. 8). The expression of both active and inactive MMP-9 in the media of control and treated HUVECs did not differ at all, nor there was any difference in MMP-9 species of 50 and 40 kD, mostly representing inactive products of MMP-9, not visible in zymography
Enhanced co-expression of MMP-9 species and HSP70 in HUVECs treated with plasma-purified antibody fractions
It is known that growth factors and cytokines that stimulate the expression of MMP-9 [17] [18] [19] also mutually affect the expression and cellular secretion of HSPs [9] , the inflammatory response being thus activated and expanded by autocrine-paracrine mechanisms [20, 21] . In particular, an increased expression of MMP-9 has been shown to correlate positively with up-regulation of HSP70 [22] , an event known to occur in the process of capillary formation and maturation [23] . In order to investigate whether HSP70 was involved in the process of angiogenesis by peaks 1 and 2, we measured the amount of HSP70 in both media and membrane fraction of cell lysates after 20 hrs of incubation, i.e. when the maximum cell differentiation was observed. An intense staining for HSP70 was noted in both control and treated HUVECs, although in the presence of peak 2, bands at masses lower than 70 kD were more numerous and intensely stained than in the control (Fig. 8, upper panels) .
Interestingly, the pattern of positivity for HSP70 almost completely overlapped that of MMP-9, with the only exception of HSP70 bands at 86 and 24 kD, a result that strongly suggested a close association of the two proteins. As noted for MMP-9, also HSP70 was barely detectable in conditioned media, where it was present exclusively at masses consistent with a complex, in both control and treated HUVECs (Fig. 8, lower panels, arrow) . The increased expression of HSP70 following incubation with plasma-purified, Ab-containing fractions was further confirmed in immunofluorescence experiments in which an intense and homogeneously diffuse cellular fluorescence for HSP70, in some parts also fused with that of actin, was similarly observed with both peaks (Fig. 9) .
Since VEGF is a potent mitogenic and angiogenic factor [24, 25] , and its effects on endothelial cells are known to be also mediated by HSP90 [26] , it was of interest to see whether VEGF was involved in sustaining angiogenic transformation by Abs. In Western blotting of conditioned media, VEGF was visible in two bands near the cathode and at 88 and 70 kD in both control and treated HUVECs (Fig. 8,  lower panels, arrows) . The bands of VEGF at molecular masses higher than the expected mass of the soluble form likely represent complexes that VEGF efficiently forms with receptors and with molecules present in both the cell membrane and extra-cellular matrix [27] . In the membrane fraction of cell lysates, VEGF was detected in a sharp band at 70 kD, shared by all samples (Fig. 8, upper panel) (Fig. 2) . Free Fab/(Fab)2 likely originate from the fragmentation of whole Abs driven by the catalytic activity of Grp94 itself [3, 28] that is similar to that displayed by serine proteases on the IgG molecule [4, 29] . Although less probable, the possibility also exists that the increased plasma concentration of IgG subunits is due to an accelerated extracellular liberation of unassembled Ig chains, known to represent a common condition in various autoimmune diseases [30, 31] (Fig. 4B) , Grp94 itself, rather than anti-Grp94 Ab steadily associated with it in the immune complex, is likely responsible for the observed effects on HUVECs.
In support of the possibility that effects driven on HUVECs by plasma-purified, Ab-containing fractions may involve cellular metabolic pathways that are also activated by diverse mitogenic stimuli, we showed that an intense stimulation of P-ERK1/2 correlated positively with cell growth stimulation, whereas negatively with angiogenic transformation that picked when P-ERK1/2 activation was silenced and cell growth stimulation significantly reduced (Fig. 6) . These findings are in accord with separate reports indicating that an intense and/or prolonged activation of P-ERK1/2 is necessary to promote differentiation in various cell types [33, 34] , and that cell differentiation in the angiogenic process takes place after silencing of proliferation, involving the expression of proteins aimed at displaying specific differentiation functions [23] . Consistent with this mechanism are also our results showing that the expression and activity of MMP-9 induced by plasma-purified fractions containing whole Abs correlated negatively with the proliferative effect, whereas a direct relationship was noted later in the differentiation process (Fig. 7) . The proteolytic activity of MMP-9 appeared to be dispensable in the mechanism of angiogenesis promoted by Abs purified from diabetic plasma, in accord with others showing that the role of MMP-9 in angiogenesis is independent of its proteolytic activity [35, 36] .
Our results collectively indicate that the process of angiogenic transformation promoted by plasma-purified fractions of Abs is associated with a significant increase in the expression of different, membrane-bound inactive species of MMP-9. It is known that MMP-9, although mainly secreted, can also be found closely associated with cell membranes [18, 37] , and that species of MMP-9 with different masses -like those identified in our work -can be generated intra-cellularly in response to mitogenic stimuli by still unknown proteolytic mechanisms [37] [38] [39] . The binding to cell membranes of inactive species of MMP-9 suggests the involvement of this protease in the differentiation process of HUVECs. This is also supported by our finding showing an enhanced expression of HSP70 overlapping that of MMP-9 in the membrane fraction of HUVECs (Fig. 8) . HSP70 may function as chaperone of MMP-9, favouring its folding and controlling biological activity (Fig. 8) . Up-regulation of HSP70 has been observed during processes of cell differentiation [23, 40] , in which HSP70 co-operates with proteins involved in the formation and stabilization of tubes at late stages of angiogenesis [23] . The overexpression of HSP70 in the experiments of immunofluorescence following treatment with plasma-purified fractions of Abs further supports the role of HSP70 in the process of angiogenic differentiation (Fig. 9) .
Although further studies are necessary to confirm the role of Grp94 as the shared immunogen in type 1 diabetes, our results nevertheless indicate that immune complexes with Grp94 may be responsible for cell growth stimulation and angiogenic differentiation 
